We investigated the abundance of arboreal arthropods in pure Acacia mangium and Paraserianthes falcataria plantations in South Sumatra, Indonesia, to evaluate the function of fast-growing tree plantations as wildlife habitats in the tropics. Two plots were established on each tree species," plantation and insecticide fogging was conducted to sample arboreal arthropods. The mean number of arthropods collected was higher in the A. mangium plantation (230.9-268.0/m 2 ) than in the P. falcataria plantation (13.9-21.0/m 2 ). In all plots, Collembola was the most abundant order, comprising more than 50.4-56.2% and 82.5-89.2% of the total number of arthropods in the P. falcataria and A. mangium plantations, respectively. The predominance of Collembola in the A. mangium plantation resulted in lower diversity indices (Shannon-Wiener H' and Simpson 1/ ) than in the P. falcataria plantation. Compared to data in the literature, the abundance of arboreal arthropods in the A. mangium plantation was comparable to that of natural forests, although the low H' in the A. mangium plantation and the low abundance in the P. falcataria plantation were extreme.
INTRODUCTION
Tropical countries are facing increasing global demands for not only raw wood materials, but also for the conservation of natural forests and biodiversity. To meet both of these needs, forestry plantations have increasingly been developed and are becoming more widespread in tropical regions.
In particular, fast-growing exotic trees (e.g., Acacia mangium, Eucalyptus spp., Gmelina arborea, Paraserianthes falcataria, and Pinus merkusii) have been used because of their rapid early stage growth (in excess of 10 m height in the first three years) and their ability to grow in poor soil conditions. Owing to these traits, fast-growing trees are expected to grow even on barren lands and produce a large volume of wood, especially for pulp. Moreover, trials have recently been conducted using these trees in the first step of natural forest regeneration on wastelands and as a means for rapid carbon dioxide fixation (Cossalter & Pye-Smith 2003) . Thus, plantations of fast-growing trees have been expanding rapidly across tropical regions since the 1970's.
Indonesia has become one of the "hot spots" for fast-growing tree plantations; it was the ninth most important pulpproducing country in the world in 2001 (PPI annual review, July 2002). With strong encouragement and financial support from the Ministry of Forestry, fast-growing tree plantations have been rapidly expanding, achieving a growth rate of over 100,000 ha y -1 at their peak (Miyakawa 1993) . By 1999, plantation areas for Acacia mangium, Paraserianthes falcataria, and
Gmelina arborea had grown to 500,000 ha, 48,400 ha, and 47,800 ha, respectively, (Nair 2001) .
However, the expansion of fast-growing exotic tree plantations has often been reported to cause serious environmental problems, including water pollution, soil degradation, and the loss of local biodiversity (Cossalter & Pye-Smith 2003) . In most cases, these exotic tree plantations are uniform, even-aged stands that are clear-cut approximately every ten years.
They are therefore thought to be less suitable habitats for wildlife than natural forests. Although the issue of biodiversity loss in plantations has often been advanced by many advocates and social or environmental groups, empirical data on the fauna in exotic tree plantations, which should be the basis for resolving this controversy, remain very limited.
Arboreal arthropods are not only a major component of global biodiversity, but they can also greatly impact planted trees. However, few studies have revealed the species and numbers of arboreal arthropods that inhabit fast-growing tree plantations. In this study, we examined the abundance and composition of arboreal arthropods in pure plantations of Acacia 
METHODS

Study site
This research on arboreal arthropods was carried out in the Subanjeriji Forest Block (103°50'-104°15'E, 3°30'-4°00'S; 5-125 m altitude), Muara Enim District, South Sumatra Province, Indonesia, in August 1995. The site was part of a 193,500-ha plantation area established by PT. Musi Hutan Persada, a joint venture company for industrial forest plantations between Barito Pacific Group (a private company) and PT. INHUTANI (a state-owned company), founded in 1990. The plantation was established on alang-alang (Imperata cylindrica) grasslands and scrublands that had appeared after intensive shifting cultivation in the region, and also on logged secondary forest areas (Hardiyanto et al. 2000) . Although Acacia mangium was the principal plantation species, occupying over 90% of the plantation area (Hardiyanto et al. 2000) , other species, such as Paraserianthes falcataria, Swietenia macrophylla, Eucalyptus urophylla, Gmelina arborea, Peronema canescens, and Pinus merkusii, were also planted in trial plantations or for other purposes (Saharjo 1999) . The plantation supplied raw materials for a pulp mill with a capacity of 450,000 tons, annually, consuming two million m 3 of wood with an eight-year rotation (Saharjo 1999) .
The area has a tropical lowland humid climate with an average daily temperature of 29°C and mean annual rainfall of 2,800 mm (Saharjo 1999) . However, this region experiences an unclearly marked dry season, and in August 1995, when fieldwork was carried out, little rainfall was recorded (approximately 40 mm mo -1 ).
Sampling and data analysis
Two stands of each species were selected for setting up 10X10-m plots in both Acacia mangium Wild. (Leguminoseae, Mimosoideae) and Paraserianthes falcataria (L.) Nielsen (Leguminoseae, Mimosoideae) plantations. Plots in the A. mangium stands were designated Am1 and Am2, and plots in P. falcataria stands were labeled Pf1 and Pf2. The details for each plot are shown in Table 1 . Although stand density differed among the plots, the degree of canopy closure appeared to be similar (80~90%). It should also be noted that A. mangium was in bloom at the sampling time, whereas P. falcataria was not.
Sampling of arboreal arthropods was carried out by insecticide fogging on 20 August 1995 in Am1 and Am2, and on 22
August 1995 in Pf1 and Pf2. We used the insecticide "Dursban®" (Shinhujikaseiyaku Co.), which contains 15% organophosphate chlorpyrifos as an active agent and attacks the nervous system of arthropods. In each plot, a fogger was set on the ground, and ten 1X1-m square nylon sheets were equally spaced at 1 m above the ground to trap fogged arthropods.
Days with no rain or wind were chosen for sampling. Fogging was conducted for 10 min between 05:00 and 06:00 a.m. No less than six hours after fogging, all arthropods that had fallen into the sheet traps were collected in bottles containing 70%
ethanol. One sample from each of ten traps in Am1 and Am2 could not be collected because of technical problems. Thus, the analysis for both Am1 and Am2 was based on samples from nine traps, whereas the analysis for Pf1 and Pf2 was based on ten traps. In the laboratory, collected arthropods were sorted by order using a stereoscopic microscope. 
where S is the number of orders, n i is the number of arthropods belonging to order i, N is the total number of arthropods, and P i = n i / N. We used a one-way ANOVA with Scheffé's range test to compare the abundance and diversity indices of arthropods between plots.
RESULTS
The number of arthropods (mean SE) was 268.0 63.6 in Am1, 230.9 34.2 in Am2, 21 5.1 in Pf1, and 13.9 3.3 /m 2 in Pf2. Clearly the number of arthropods was significantly higher in Am1 and Am2 than in Pf1 and Pf2 (P < 0.05; Fig. 1 ). Figure 2 shows the composition of the sampled arthropods at the order level in each plot. In all plots, Collembola was the most dominant order (82.5, 89.2, 50.4, and 56.2% of the total number of arthropods in Am1, Am2, Pf1, and Pf2, respectively), followed by Diptera and Hymenoptera. Psocoptera (Am1 and Am2) and Acari (Pf1 and Pf2) were also relatively abundant. The higher total number of arthropods in the A. mangium plantation relative to the P. falcataria plantation was mainly due to an outbreak of Collembola, although all orders were more abundant in the A. mangium plantation than in the P.
falcataria plantation, with the exception of Acari.
H' calculated at the order level (mean SE) was 1.04 0.10 in Am1, 0.74 0.07 in Am2, 1.71 0.11 in Pf1, and 1.34 0.22 in Pf2. 1/ was 1.58 0.17 in Am1, 1.28 0.05 in Am2, 3.04 0.41 in Pf1, and 2.66 0.50 in Pf2. The mean value of H' was significantly higher in Pf1 than in Am2, and the value of 1/ was significantly higher in Pf1 than in Am1 and Am2 (P<0.05). Lower H' and 1/ values in A. mangium plots signify a simpler arthropod community structure than in P. falcataria plots. This is clearly due to the predominance of Collembola in A. mangium plots.
DISCUSSION
A. mangium plantations vs. P. falcataria plantations We found a much higher abundance of arboreal arthropods in A. mangium plots than in P. falcataria plots in the Subanjeriji Forest Block, South Sumatra. However, in A. mangium plots, Collembola comprised more than 80% of the total arthropods. The cause of the low population of arboreal arthropods in P. falcataria plantations is unclear. However, it is possible that low stand density in the P. falcataria plantation affected the number of arthropods, because species that feed on tree trunks will mostly fall near the trunks as a result of fogging. Therefore, the density of tree trunks and the distribution of traps may have influenced collection efficiency more than the degree of canopy closure did.
Comparison with fast-growing tree plantations at other sites Studies of arboreal arthropod communities in tropical plantations are limited. Chey et al. (1998) reported some comparable data sampled by insecticidal mist-blowing in several kinds of fast-growing tree plantations and natural secondary forests in Sabah,
Malaysia. The number of arthropods and H' calculated at the order level based on their data is shown in Table 2 , together with the data of the present study. The numbers of arthropods in Paraserianthes falcataria and Pinus caribaea plantations and the proportion of each order were estimated from their figures ( Fig. 1 and Fig. 2 Chey et al. (1998) present study present study Chey et al. (1998) A. mangium P.falcataria seemed to be about average. Thus, our study showed both the highest and the lowest abundance of arboreal arthropods in fast-growing tree plantations. This may suggest that the values can vary considerably depending on plantation tree species and biological conditions of trees (e.g., flowering or leaf flushing) or other factors even at the same site.
A comparison between different sites indicated that the abundance and composition of arthropods in even-aged plantations of the same tree species can vary considerably between sites. Unlike our results, Chey et al. (1998) reported that the abundance of arboreal arthropods in A. mangium and P. falcataria plantations in Sabah did not differ significantly (P = 0.05). Furthermore, instead of the extreme dominance of Collembola observed in our study, the most abundant taxon in Sabah was the family Formicidae, which comprised 60% or more of all collected arthropods. Chey et al. (1998) also sampled arthropods in understory shrubs of a Eucalyptus deglupta stand ( Table 2 ), concluding that the understory had high levels of biodiversity and that arthropods of non-host-specialists would readily migrate between the canopy and the understory. The understory in our sites was often dominated by alang-alang grass (Imperata cylindrica), whereas at Sabah there were many species of native plants, including Macaranga sp. (see list of dominant understory vegetation in that paper). Chey et al. (1997) investigated moth diversity in fast-growing tree plantations and secondary forests in Sabah and reported that the diversity of arthropods can be maintained at high levels in plantations with a rich understory. The faunal differences between plantations in Sabah and Sumatra may reflect the floral differences in the understory.
Fast-growing tree plantations vs. natural forests
For a comparison with natural forests, we selected comparable data on the abundance and H' of arboreal arthropods sampled by insecticide fogging in tropical natural rain forests of Southeast Asia, shown in Table 3 . H' was calculated based on the data presented in the papers. The category of 'Other Insects' and 'Other Arthropods' in Stork (1991) and Stork & Brendell (1990) were combined and regarded as one order in the calculation of H'. The abundance of arboreal arthropods appeared to be lower in fast-growing tree plantations than in natural forests, although A. mangium plantations in our study were comparable to natural forests. H' did not differ greatly between fast-growing tree plantations and natural forests. This was probably because H' was calculated at the order level; the difference would have been greater if calculations were made on a species basis.
The comparison of arboreal arthropod communities among forest types is not simple. Even among fast-growing tree plantations, the most dominant taxa were very different in Sabah and Sumatra, as mentioned above. This suggests that not only forest types, but also variations in other factors, such as climate and topography of the site, may strongly affect the arboreal arthropod fauna. For example, although a high abundance of Collembola collected by fogging has commonly been reported in temperate regions and some seasonal tropics (Watanabe 1997) , it has rarely been found in the humid tropics, which makes our study exceptional (but see Guilbert et al.1995) . Dominance by formicids has often been reported (see Table   3 , and Adis et al. 1984 , Erwin 1983 . Watanabe (1997) hypothesized that the low density of Collembola in some tropical sites is due to seasonal flooding of the forest floor. Stork & Brendell (1990) also mentioned that the dominance of Diptera in their samples from Sulawesi may have been due to the close proximity of their sites to rivers.
Low H' in the A. mangium plantation and low arthropod abundance in the P. falcataria plantations in this study indicate that these plantations did not have rich arthropod fauna. However, even natural forests sometimes show relatively low values in terms of abundance and H', including one data set from Sulawesi (Table 3) 
H'
supply more suitable habitats for arboreal arthropods than the wastelands with no living trees that they replace. However, it is also evident that compared with natural forests, the arthropod abundance in these plantations is still low, and sometimes extremely low, as evidenced in the P. falcataria plantation in this study. To avoid pest outbreaks and local biodiversity loss in fast-growing tree plantations, improved forest management systems that can enhance biodiversity are needed. One method will be increasing the species richness of the understory. The abundance and composition of arboreal arthropods in Acacia mangium and Paraserianthes falcataria plantations in South Sumatra, Indonesia
